The urinary excretion of N-acetyl-ß-Z)-glucosaminidase isoenzymes A and B following kidney transplantation was studied in rats. High enzymuria with permanent marked isoenzyme B excretion occurred from the immediate post-operative period to the irreversible rejection episode. Isoenzyme B could represent äs much äs 10-40% of total N-acetyl-ß-jD-glucosaminidase activity and it reflected the intensity of tubular lesions äs observed by histological examination of allograft specimens. Thus, N-acetyl-ß-J9-glucosaminidase B isoenzyme determination may reinforce the diagnostic value of total (A 4-B) urinary N-acetyl-ß-Z>-glucosaminidase activity determination during the various complications which can occur after transplantation.
Introduction
Measurement of the catalytic activity of urinary enzymes has attained clinical significance during recent years. Increased urinary N-acetyl-ß-D-glucosaminidase activity has beeil well docurnented äs an indicä-tion of renal tubular disorders in man and animal models (1, 2) .
We investigated whether Substitution of a differential measurement of urinary N-acetyl-ß-Z)-glucosaminidase isoenzymes, instead of the commonly used total enzyme activity, could improve early monitoring pf the human renal transpknt function (3) . For this purpose, an original method of measurement was used for monitoring the B isoenzyme excretion in addition to tlie N-acetyl-ß-/)-glucosaminidase (A + B) total enzymuria (4) .
Urinary N-acetyl-rß-D-glucosaminidase activity has been widely used in rat models to investigate the degree of renal lesions in many pathological processes (5 -7) . We decided therefore to choose the rat renal transplantation model in order to correlate the excretion of urinary N-acetyl-ß-jD-glucosamiüidase isoenzymes A and B with the graft functional recovery.
Urinary enzymes originate from the kidney. N-Acetyl-ß-Z>-glucosaminidase A and B isoenzymes are present in roughly equivalent amounts in human renal cortex (8) , but isoenzyme B is present in smaller relative proportion in rat renal cortex (9) . In the absence of typical electrophoresis isoenzymatic profiles for rat renal N-acetyl-ß-D-glucosaminidases (10), a Chromatographie method is required to monitor their urinary excretion.
The present results contribute to the Interpretation of enzymuria data in human transplantation. The specific rneasurements of N-acetyl-ß-Z)-glucosaminidase isoenzyme B activity indicates the intensity of proximal tubular lesions during the various complications that can occur after transplantation.
Materials and Methods

Animals and collection of urine samples
Renal transplantations were carried out according to the method of Lee (l 1). Male adult rats of 200 -350 g body weight were used. Experiments were performed with 19 allograft recipients; 11 August-Lewis, oSprague Dawley-Lewis and 2 WistarWistar. Four non-transplanted animals, 2 Wistar and 2 Lewis, were used äs controls for 3 to 9 consecutive days.
The rats were housed individuaUy in wire mesh metabolism cages. Water and food were available ad libitum. Immediate efficient diuresis occurred during a period of 5-13 days after surgery and before the irreversible rejection episode. The urine was collected in a fraction collector from the day of transplantation until discharge. The collecting vessels contained 0.1 ml of 2 g/l sodium azide. The 6-hour collections of rat urine were centrifuged at 3000 min" 1 for 10 min and the supernatants tested after freezing and storage at -20 °C.
The collection of urine began always at 1100 hours for control rats, and transplanted rats were housed in metabolism cages after surgery between 1100 and 1300 hours (day J = 0).
Only 4 August-Lewis and 3 Sprague Dawley-Lewis allografts could be analysed due to technical failure in the others. The diagnosis of acute rejection was principally based on the observation of graft enlargement, and renal biopsy for 4 anuric sacriflced rats.
No irreversible rejection episode occurred during a three week observation period following functional recovery of the graft in a Wistar-Wistar allograft recipient.
Assay of N-acetyl-ß-D-glucosaminidase activity Urine enzyme catalytic activity was measured by minor modification of a method previously described (4). Urine samples (0.1 ml), 10 or 20-fold diluted, were incubated with 0.5 ml of 2.5 mmol 4-methylumbelliferyl-ß-jD-N-acetylglucosaminide (Sigma).
Enzyme activity is expressed äs nanomoles of 4-methylumbelliferone released per hour per mg of urinary creatinine. In addition, results were also expressed in nmol · h" 1 per 6-hour collections of rat urine.
Separation of N-acetyl-ß-Z)-glucosaminidase isoenzymes by chromatography on DEAE Trisacryl M columns
Isoenzymes were separated by ion exchange chromatography on DEAE Trisacryl M (I. B. F.) equilibrated with sodium phosphate buffer (0.01 mol/1, pH 7) which retains isoenzyme A (4).
Urine samples (0.5 ml) from the acrophase of the circadian rhythm in urinary activity were added to 2ml of phosphate buffer and placed on a l ml DEAE Trisacryl M column. Isoenzyme B is completely excluded by the exchanger and isoenzyme A is eluted with 0.25 mol/1 NaCl.
N-Acetyl-ß-£>-glucosaminidase activity was determined on each eluted fraction (2 ml) with 0.25 ml or 0.1 ml aliquots of eluate contaimng B and A isoenzyme activities. Aliquots were incubated for 30 min (isoenzyme B activity) and 15 min (isoenzyme A activity) at 37 °C in an incubation medium containing 2 mmol ^methylumbelliferyl-ß-^D-N-acetylglucosaminide. The relative activity of each isoenzyme fraction was derived by calculating the corresponding individual areas, results being expressed äs fractions of the total area.
All three assays for total, A and B N-acetyl-ß-£>-g lucosaminidase isoenzymes are combined in table 1.
Tab. 1. Determination of total N-acetyl-ß-Z>-glucosaminidase activity and relative activity of each urinary isoenzyme.
Total N-acetyl-ß-Z)-glu-r Urine samples (6- 
Results
For the four non-transplanted animals used äs controls, N-acetyl-ß-jD-glucosaminidase activity varied considerably during a single 24-hour cycle and from one day to another. Excretion of enzyme was elevated during the first days following housing in the metabolism cage (early stage), then excretion of urinary N-acetyl-ß-D-glucosaminidase feil and remained low (late stage). For the four non-treated controls, mean values (nmol · h-1 per 6-hour collections) between early stage (3-5 first days) and late stage (> 5 days) were statistically significant; 809 ± 1030 (n = 37) and 37 ± 70 (n = 27), p< 0.001. N-acetyl-ß-D-glucosaminidase isoenzyme profiles determined on day 3 and 9 showed similar results. In spite of the different enzymuria of the two urine samples, no significant differences in the amplitude of peak activity corresponding to isoenzyme B was observed. The major from excreted was isoenzyme A, whereas isoenzyme B accounted for at mbst 5% of the total urinary activity ( fig. 1 ; insets l and II), This study demonstrates, despite marked individual variations in enzymuria, a similar pattern in renal transplant rats with a functioning allograft.
Efficient diuresis was observed on the 24-hour postoperative period, and polyuria occurred duririg the first days following transplantation. Diuresis was then sufficient for enzyme tests until the irreversible rejection episode. The main feature of this enzymuria was permanent marked isoenzyme B excretion. Isoenzyme profiles were determined in samples indicated by an arrow in figure2, and isoenzyme B represented äs much äs 10-40% of the enzymuria ( fig. 3 b) .
A positive correlation (r = 0.75, n = 10) between A and B isoenzyme activities was observed ( fig. 3 a) .
Histologie analysis showed mixed features of tubular lesions and rejection. There was no changes of glomeruli and vessels. Interstitial tissue changes consisted of oedema and inflammatory cells in the infiltrates. Significant isoenzyme B excretion occurred only during the immediate post-operative period and on the 6th day following transplantation. Isoenzyme B activities in the other urine samples only accounted for a small proportion of enzymuria äs among rat controls, and it was not possible to establish any positive correlation between A and B isoenzyme activities.
Discussion
This study documents a circadian rtrythm in the urinary enzymuria in contrql and experimental animals, similar to that reported in clinieally healthy human subjects (12, 13) . On the other hand, Grätsch et al. described biorhythms in rats (14) . This group reported a biorhythm with a dominant period of 7 days for urinary N-acetyl-ß-/)-glucosaminidase. Additionally, a inaFked decreäse of the enzyme excretion after the early stage of urine sampling has not been reported. A possible explanation for these different findings is that data from this group are from long term experiments, and rats show good toleration of single-cage housing. Moreover, baselines of urinary excretion of N-acetyl-ß-£>-glucosaminidase are not comparable; Grätsch et al. employed the 4-nitrophenyl derivative of the monosaccharide äs opposed to the methylumbelliferyl derivative employed here.
In control rats, enzymuria is constituted almost exclusively by the isoenzyme A. Although high N-acetyl-ß-D-glucosaminidase activity in urine was observed during the first days following the housing of control rats in metabolism cage, it was not accompanied by a marked excretion of isoenzyme B. This fmding suggests that a physiological process (stress) could lead to an increase in isoenzyme A excretion with low amounts of isoenzyme B. It has been pointed out that urinary lysosomal enzyme excretion in mice could be extensively modulated by both hormonal and genetic manipulations (15, 16) . This hypothesis would therefore explain the high level in N-acetyl-ß-D-glucosaminidase activity during the early stage, but we cannot offer any other evidence to support it.
As compared with control rats, high enzymuria with permanent marked isoenzyme B excretion occurred from the immediate post^operative period to the irreversible rejection episode.
Our study confirms the assumption (17) that the enzyme excretion reported in relation to creatinine offers the best diagnostic results.
The high level of isoenzyme B excretion following transplantation reflects the intensity of tubular lesions observed by histological examination of allograft specimens.
Present data confirm our previous clinical and experimental investigations (3, 10, 18) . A positive correlation between isoenzyme A and B activities was observed. Thus a specific measurement of isoenzyme B activity did not seem to provide major Information for the early diagnosis of rejection episodes after transplantation, if total N-acetyl-ß-jD-glucosaminidase activity is also regularly monitored. However, an increase in urinary excretion of isoenzyme B may reflect an elective tubular disorder and reinforce the diagnostic value of urinary N-acetyl-ß-Z)-glucosaminidase catalytic activity during the various complications which can occur after transplantation.
In addition, although excretion of N-acetyl-ß-D-glucosaminidase appears to be a sensitive indicator of renal cell integrity, the wide variability of normal values and biorhythms in rats make it difficult to discriminate between normal and pathological conditions of the kidney.
The results presented clearly demonstrate that for pharmacological and toxicologi-cal monitoring isoenzyme B excretion can be of greater diagnostic vahie than measurement of total urinary activity of N-acetyl-ß-Z>-glucosaminidase.
